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LETTER OF TRANSMITTAL.,  °

DEPARTMENT OF THE INTERIOR,
. UnrteEp StATES (GEOLOGICAL ‘SURVEY,
" Washington, D. C. Jcmumy 31, 1905.
Sir: I have the honor to transmit herewith a series of papers by
various hands for publication as a bulletin. They represent mineral-
ogical investigations incidental to. geological researches and important
to the progress of geology, and are here brought together for con-
venience of reference. -
Very respectfully, ' G. F. BECKER,
Geologist in Charge Division of
Chemical and Physical RBesearch.
Hon. CrarLES D. Warcotr, ‘ :
Director United States Geological Survey.






CONTRIBUTIONS TO MINERALOGY FROM THE UNITED
STATES GEOLOGICAL SURVEY.

PREFATORY NOTE.

By F. W. CLARKE.

Although mineralogical research occupies a relatively small place
among the many varied activities of the United States Geological
Survey, it is by no means neglected. From time to time interesting
material is collected by the field parties of the organization, and speci-
mens deserving study are received from other sources. These are
worked up, as opportunity offers, in the chemical laboratory of the
Survey, sometimes independently and sometimes, as in the work
reported in two of the memoirs here presented, in cooperation with
the geologists by whom they were brought in.  Occasionally assistance
is received from investigators not connected with the Survey, and one
such case is now represented by the joint paper of Doctor Hillebrand
and Professor Penfield, of Yale University. In that instance the
chemical work was done in Washington and the crystallographic
measurements were made at New Haven.

Most of the papers contained inthis bulletin represent investigations
which are complete within themselves. The work done by Mr.
Steiger upon the silver and thallium derivatives of the zeolites, how-
ever, is to be regarded as one part of a series of researches upon the
constitution of the silicates. Some parts of this series have heen
already published, and it is hoped that this work may be continued in
the future. The field to be covered is enormous and progress within
it is necessarily slow. Still, the results obtained so far are definite and
significant, especially as they show a chemical plasticity among the
silicates which was formerly unsuspected.

Some of the items of more than ordinary interest to be found
within these pages are as follows: Three new mineral species—moren-
cite, coronadite, and plumbojarosite—are described. Natrojarosite,

g
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8 CONTRIBUTIONS TO MINERALOGY. [BULL. 262,

although not’ absolutely new, is now thoroughly established as a
definite mineral. The true character of carnotite is shown in Doctor
Hillebrand’s research, and the same chemist has worked out more.
fully than his predecessors the composition of yttrialite and its rela-
tions to other species. Mr. Schaller’s very complete study of
dumortierite is also worthy of especial mention, and his notes upon
other minerals from California arve but the first fruits of a much
larger research which is already well under way.



ON CARNOTITE AND ASSOCIATED VANADIFEROUS MINERALS
IN WESTERN COLORADO.

By W. F. HirLeBranD and F. L. RansomE.

INTRODUCTION.
By W. F. HiLLesRrAND.

The rather widespread occurrence in western Colorado of consider-
able quantities of a canary-yellow ore of uranium has been known for
a few years past. It has been marketed to the extent of a few tons, -
but its mineralogical nature was unknown or incorrectly surmised
until 1899.

In the spring of that year a specimen of this ore first leached my
hands through Dr. George P. Merri]l, of the United States National
Museum, and v;as soon found to contain a mineral or minerals new to
science. Within a week appeared the announcement by MM. C. Friedel
and E. Cumenge® of a new mineral, carnotite, a hydrous vanadate of
uranium and potassium, obtained through Mr. Poulot of Denver, from .
Roc Creek, Montrose County, Colo. Mr. Poulot had already identi-
fied vanadium in it. It was at once seen, despite certain differences
in composition, that the two were identical.

According to the French authors the mineral is of simple composi-
tion, as above expressed, with only a little iron and mere traces of
Al Ba, Cu; Pb, and also, according to M. and Mme. Curie, of the

radio-active substances radium and polonium. The empirical formula
2U,0,, V,0,, K,O, 3H,0, was Jassigned to it, some doubt attaching to
the water.

+ Since then I have been able to examine carnotite from several local-
ities in western Colorado, finding in each case the same lack of agree-
ment with the analyses ot Friedel and Cumenge.

While I was engaged in this work my attention was called to certain
more or less greenish sandstones from the vicinity of Placerville on
the San Miguel River, San Miguel County, Colo., which were said to
be highly vanadiferous and of considerable extent, and in which a zone

aBull. Soc. Chim. de Paris (3), xxi, 328, 1899; Bull. Soc. Frane. Min., xxii, 26, 1899; Comptes Rendus,
exxviii, 532, 1899; Chemical News, 1xxx, 16, 1899. The papers as published in French differ slightly.

9



10 CONTRIBUTIONS TO MINERALOGY. [BULL. 22.

a few inches thick was rather strongly impregnated with a yellow
mineral resembling and probably identical with carnotite. This min-
eral appeared also scattered through the sandstone at other points in
sporadic small patches, sometimes visible only by aid of a lens.

This occurrence led to the thought that the carnotite bodies farther
west might also be associated with existing or dependent on preexist-
ent vanadiferous sandstones. For the carnotite of Montrose and Mesa
counties, as is stated by the French authors, occurs mixed in all pro-
portions with quartz-sand grains, the remnants, beyond doubt, of
former sandstone bodies, and it was soon recognized that in the car-
notite bodies the vanadium existed in two (*ondmons, the larger part
by far as pentavalent vanadium in the easily soluble carnotite, and a
smaller and sometimes hardly distinguishable portion as trivalent vana-
dium in a much less soluble silicate which was free from uranium.

"~ It was hoped that, by a field reconnaissance, observations bearing
‘on these points would be obtained and material assembled which would
on analysis help to determine the nature and explain the association of
these two entirely different classes of mineral substances. }

The field and microscopical observations of Messrs. Ransome and
Spencer are embodied in the pages immediately following these intro-
ductory remarks. Unfortunately their collections, except those from
Placerville, came to hand so late that the chemical work on the more
western occurrences has been confined to the carnotite bodies alone,
specimens of which were aheady in my ‘hands. Greenish sandstone:s
have been observed by Messrs. Ransome and Spencer in those regions,
but whether any of them are highly vanadiferous, or what their con-
nection with the carnotite may be, remains yet unknown. The only
two examined did not owe their color to vanadium. Meanwhile the
chemical results thus far obt‘uned will be found in the.concluding sec-
tion of this paper.

In this place it is my pleasure to record my appreciation of the
readiness with which the following gentlemen have supplied me with
material for study: Messrs. Poulot and Voillequé of Denver, Mr. A.
B. Frenzel of Placerville, and Mr. J. R. Duling of Paradox. These
gentlemen have also not hesitated to give me all information at their
disposal as to cccurrence and field relations of these interesting orve
bodies.

OCCURRENCE OF THE URANIUM AND VANADIUM ORES.
By F. L. RaxsoME.
GENERAL STATEMENT..

In the autumn of 1899, accompanied by Dr. A. C. Spencer, whose
knowledge of the stratigraphy of the region was of great assistance,
I made a hasty reconnaissance trip into the western portions of
San Miguel, Montrose, and Mesa counties, near the Utah-Colorado
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line. The primary object of the expedition, in accordance with a
suggestion from Mr. .S. F. Emmons, was to investigate the copper
deposits of La Sal Creek, Paradox and Sinbad valleys, and the vicinity,
which had been the occasion of some mining excitement a few months
before. A memorandum from Dr. W. F. Hillebrand, received just
before starting, indicated that it would be well also to examine certain
prospects on which some preliminary work had been done, looking
toward the extraction of ores of uranium and vanadium. It is to these
ores that the present notes are confined.

The most convenient way of reaching Paradox Valley was found to
be the stage road, which, starting from Placerville, a settlement and
station on the Rio Grande Southern Railroad, runs by way of Nour-
wood, Shenandoah, and. Naturita to Paradox, a distance of 60 or 70
miles. The region can also be reached from the west by way of
Moab, in Utah,

The topog'raphy of the region west of Placerville is that character-
~istic of the ‘“mesa country” of western Colorado and southeastern
Utah. Broad stretches of plateau are intersected by steep-walled
canyons and cliff-encircled valleys. The underlying rocks comprise the
“Red Beds” of the Dolores formation ¢ (Triassic), the La Plata forma-
tion (Jurassic), the McElmo ‘formation (Jurassic), the Dakota sand-
stone (Cretaceous), and the Mancos shales (Cremccous) Carbonif-
erous rocks occur in Sinbad Valley, and a series of gypsum-bearing
shales of unknown age is found in the bottoms of Sinbad and Paradox
valleys, but as the ore deposits to be described all occur in the beds of
the La Plata and McElmo formations, these older rocks need not again
be referred to. The sediments making up these various formations
lie usually nearly horizontal, but they are sometimes flexed and fre-
quently faulted.

‘Inall of the prospects examined the ove of uranium occurs in the
form of the recently described bright-yellow carnotite. In one case
this is intimately associated with a dull olive-green mineral which,
according to Doctor Hillebrand, is either identical with, or very closely
allied to, the vanadium-mica roscoelite. Deposits of one or hoth of
these minerals occur widely scattered over San Miguel and Montrose
counties, Colo., and in the Blue Mountain (Sierra Abuajo) district of
southeastern Utah; but only a few of the known deposits were per-

sonally examined.
PLACERVILLE DEPOSITS.

These are essentially vanadium deposits, and occur 4,500 feet nearly:
northeast of the railway station near Placerville, and about 1,000 feet
above the San Miguel River. The lower 900 feet of the San Miguel

aThe formation names used in these notes are those adopted by Mr. Whitman Cross in the text of
the Telluride folio (folio 57), of the U. S. Geological Survey. The reader is referred to this folio for
fuller descriptions.
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canyonis cut in the characteristic ‘“ Red Beds” of the Dolores formation.
Above the Dolores comes the La Plata sandstone in typical develop-

ment, as described in the Telluride folio, viz, two heavy beds of light-
* colored sandstone, separated by a much thinner bed of dark limestone.
The roscoelite occurs as an impregnation in the lower bed of the La
Plata sandstone, about 100 feet above ‘the base, and just beneath the
bed of dark limestone. All the beds at this point are plactically hori-
zontal. The dark green vanadiferous sandstone occurs in a nearly
continuous band, approximately parallel to the beddmcr planes, and
varying in thlckness from a few inches up to 5 or 6 feet. This band
extends along the sandstone cliffs for an estimated distance of about
2,000 teet. The roscoelite more or less thoroughly impregnates por-
tions of the fine-grained sandstone which constitutes the mass of the
bed. It sometimes makes up more than 20 per cent of the vanadif-.
erous facies. Normally the sandstone of this lower bed of the La
Plata is light buff in color, with patches, mottlings, and stripes of pale
pink, the latter color being apparently due to small amounts of ferric
oxide. But whenrichly impregnated with roscoelite this light-colored
sandstone becomes dark olive-green, the contrast being most marked
when the cliffs are wet. Although fairly continuous for the distance
stated, this zone of vanadiferous sandstone is by no means regular.
It varies much in thickness, and in one place splits into two or more
branches. At some points two or more distinct streaks of roscoelite-
bearing sand were found at different horizons in the main sandstone
bed. The carnotite is not nearly so abundant as the roscoelite at this
locality. It occurs as minute yellow specks in the sandstone, and par-
ticularly as thin horizontal seams or streaks near the bottom of the
vanadiferous zone.

The work thus far done on the several claims which have been
located along these deposits is of the most superficial character. On
the Canary claim Mr. A. B. Frenzel has run a tunnel, about 18 feet
long, which exposes a typical section of the impregnated zone. The
roof of the tunnel is formed by the under side of the bed of dark lime-
stone previously referred to. This limestone is underlain by a few
inches of sandy limestone which passes into the light-buff La Plata
sandstone without break. The latter contains abundant calcite as a
cement or matrix for the sand grains. At a distance of a foot below
the limestone, the sandstone shows, on close inspection, numerous
specks of carnotite and gives a qualitative reaction for vanadium
(Hillebrand). Examined in thin section under the microscope, this
portion of the bed shows a fine-grained homogeneous sandstone, in
which well-rounded grains of quartz are held together by a rather
abundant matrix of calcite. The calcite is crystallized as a fine granu-
lar aggregate and includes small indeterminable particles of various
kinds. Many of the quartz grains, as seen in section, are entirely
surrounded by calcite, and so isolated from adjacent grains. A pale
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lemon-yellow substance occurs sporadically in the section as an inter-
stitial material between the quartz grains. This is probably the car-
notite, which was seen as small, yellow specks in the hand specimen.
It is very minutely crystalline, recalling the habit of some obscure
chloritic aggregates in decomposed igneous rocks, and is too indistinct
for successful optical study. Small crystal grains of zircon are scat-
tered through the sandstone, and are readily concentrated in the resi-
due after treating with hydrofluoric acid. .

Within the next 2 feet below the zone where it exhibits the fore-
going facies, the sandstone becomes pinkish in consequence of the
presence of ferric oxide, and in this pinkish rock the lens fails to
reveal any roscoelite or carnotite. But just below the pink zone the
sandstone begins to show yellow and green specks. The latter espe-
cially become more numerous and larger, until at from 3 to 4 feet
below the limestone the sandstone has a‘decided green tint. Farther
" downward this deepens, until near the floor of the tunnel the sandstone
is a uniform deep olive-green. This green rock is rich in roscoelite
(over 20 per cent) and shows many small yellow specks of carnotite.
This is regarded as the first-class ore, and the chief value of the deposit
is supposed to be in its vanadium, the uraniuni being very subordinate.
In this respect the Placerville deposit differs from those on La Sal and
Roc creeks, presently to be described, where the mineral sought for
and oceurring most abundantly is carnotite. '

Thin sections of the green-spotted sandstone, when examined micro-
scopically, resemble those of the light-buff sandstone just above it, as
far as character of quartz grains and relative abundance of matrix are
concerned. . But .the character of the matrix or cement is different.
Calcite is much less abundant and its place is largely taken by roscoe-
lite. This is grass-green in thin section, and might readily be mis-
taken for indistinct wisps and areas of chlorite. It sometimes forms
- a distinct envelope around the quartz grains, showing an indistinct -
foliated or fibrous structure, with the fibers normal to the surface of
the grains. ' » '

The uniformly dark-green sandstone, richest in roscoelite, does not
. effervesce with acids and shows no calcite cement in thin section.
The usual quartz grains are held together by roscoelite. This is crys-
talline, but the highest available powers show only an indistinct and
minute foliation, such as may be observed in some very finely crys-
tallized chlorites. ‘

Close to the floor of the tunnel is a fairly regular, nearly horizontal
streak of carnotite, varying in width, but usually less than an inch
wide, and showing noticeable diminution in thickness in the face of
the tunnel. This small seam is not solid carnotite, but is merely a
zone in the sandstone impregnated with the bright-yellow uranium
mineral. It is not nearly so continuous as the main vanadiferous belt,
and was seen only at three or four places along the outcrop of the
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belt, which extends for a distance of about 2,000 feet. When this
seam is closely examined it is seen that narrow bands rich in carnotite
alternate with. green bands carrying mostly roscoelite. There is also
usually present a seam of almost pure quartz, generally about an
eighth of an inch in thickness, though often thicker. The microscope
shows it to be a true quartzite, in which the original rounded detrital
grains of quartz have been cemented by fresh quartz in optical conti-
nuity with the older granules. A similar quartzite occurs in the
green vanadiferous sandstone above the carnotite, where it forms con-
cretionary knots and nodules. It was not noted in the buff sandstone,
however, where the cementing material is calcite. .

Immediately below the carnotite seam there is a parting or ““floor”
in the sandstone, probably originally a very thin layer of shale, which
forms the working floor of the tunnel. The sandstone below this
floor is plainly impregnated for a short distance with roscoelite, but
the thin shale seam is regarded as the practical bottom of the deposit.

The questions of the origin and actual extent of this deposit are
closely related and are of much interest. Their discussion will be
deferred until the other deposits visited have been described.

Some distance below the Placerville vanadium deposit a zone of
green sandstone, presumably belonging to the Dolores formation, was
observed. This color is a somewhat brighter green than that of the
vanadiferous sandstone higher up the slope. As there are some cop-
per prospects near by, from which ore has been taken, this was sup-
posed to be a copper stain. Qualitative tests by Doctor Hillebrand
show, however, that. the color is due to a compound of chromium.

Similar green sandstones occur on the western side of Sinbad Valley .
in what is apparently the La Plata formation, and were originally
supposed to be impregnated ‘with roscoelite. ~Doctor Hillebrand’s
investigations, however, show that they too owe their color to some
chromium mineral. These occurrences are interesting as showing
that a green color in sandstones may result from various causes, and
that even a bright green tint can not be taken as an infallible indica-

tion of copper.
LA SAL CREEK DEPOSITS.

These occur in the extreme western portion of Montrose County,
southwest of Paradox, and about 6 miles up La Sal Creek from Cashin.
They are reached by trails from Paradox Valley and from Cashin.
The deposits are on the south side of La Sal Creek and about 700 feet
above the stream.. They occur for a distance estimated at more than
a quarter of a mile, along the sandstone cliffs which descend from the
mesa into the canyon of La Sal Creek, and only a few feet below the
level of.the mesa surface.

In the absence of continuous stratigraphic work, it is impossible
to correlate certainly and finally the rocks on La Sal Creek with the
* divisions established by Cross and Spencer in the Telluride quadrangle,
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which lies just east of this area. It seems probahle, however, that the
La Plata sandstoné attains a much greater thickness in this portion of
western Colorado than it does between Telluride and Placerville. The
limestone bed, so characteristic a feature of the formation near Placer-
ville and farther east, is not uniformly present in this western region,
and the La Plata sandstone (Variegated beds, in part, of the Hayden
survey) is not always readily differentiated from the underlying
Dolores formation (Red Beds). For a vertical distance of about 400
feet above the bed of La Sal Creek the rock is a heavy-bedded, rather
fine-grained, light-colored sandstone, which is considered by Doctor
Spencer to be the La Plata. Above this come thinner-bedded sand-
stones, with some conglomerates and shales, which are included in the
McElImo formation. It is in this upper series that the uraniferous
deposits occur.  All the beds are here approximately horizontal.

As revealed by numerous small openings near the crest of the bluff,
the carnotite, which is the material here sought, is found chiefly in a’
massive hed of nearly white sandstone. Some of the ore, however,
lies between the sandstone and a lower bed of light-gray shale.
Although the prospecting openings all lie at about the same level
along the cliffs, the deposit is not nearly so regular as the vanadiferous
band near Placerville. , :

The carnotite of La Sal Creek occurs as irregular, bunchy “ pockets”
in the sandstone, or along the contact of the sandstone with the under-
lying shale. These have all the appearance of being impregnation
deposits, the solutions carrying the uranium compounds having depos-
ited the ore wherever they found ready passage through the rock—usu-
ally along bedding planes. No roscoelite was seen with the carnotite.

The most remarkable and interesting fact in regard to the La Sal
Creck deposits is their very superficial characters The ore bodies are
usually flat-lying streaks, a few inches thick, which grade above and
below into the common light-buff sandstone, and which die out and
disappear when followed into the hillside. In tunnels that run but a
few feet underground the yellow impregnation of carnotite can be seen
gradually to die out and to be succeeded by light-colored sandstone,
showing no trace of the mineral. It is doubtful whether any appre-
ciable quantity of carnotite occurs as much as 20 feet from the surface,
on any of the locations, although this distance is given from memory
and not from measurements on the ground. As before stated, the
impregnation has usually taken place along bedding planes; it has also
proceeded along surfaces of minor and superficial movement in the
rocks. In one case it was observed that a portion of the overlying

- sandstone had moved upon the underlying shales, the disturbance being

apparently a superficial one, of a kind commonly enough observed
where massive beds rest on yielding shales on a steep hillside. In
other words, the movement appeared to be directly related to the
present topography, The carnotite was here deposited subsequent to
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the movement and had filled the small openings and dislocations in the
shale caused by this very recent disturbance. It was veported that
some of the best nests of ore had been found in ‘‘slide rock,” i. e.,
rock which had slipped to some extent down the slope; but I was
unable to verify this statement further than is indjcated in the pre-
ceding description. There can be little doubt that the deposits of car-
notite on La Sal Creek are not only very supelﬁcml in character but.

very recent in age.
ROC CREEK DEPOSIT.

The principal claim is the Copper Prince, owned by J. R. Duling,
on the north side of Roc Creek, 3 or 4 miles above its mouth, and near
the foot of the Miller trail to Paradox. Itis reached by this trail from
Paradox Valley, or by trail from Hydraulic on the Dolores River.
This deposit is in the La Plata sandstone, according to Doctor Spen-
cer’s observations, and has been more extensively exploited than any
- other seen. The sandstone, which at this point is nearly horizontal,
is cut by an east-west fault, the fault plane dipping north at about 70°.
The amount and character of the throw could not be determined. It
is probably less than 50 feet. The carnotite occurs in the hanging wall
of the fissure as small irregular branches in a loose mass of crushed
sandstone and also as an impregnation of some of the firmer portions
of the bed. No roscoelite was seen. Several small tunnels have been
run in on the hanging wall side of the fissure (which itself carries no
vein or ore-body), but they had been securely closed by planking, and
no examination of their inner ends could be made. I am thus unable
to tell what changes the deposit would show if it .could be followed
inward from the surface. A few hundred pounds of picked carnotite
ore has been shipped from this claim and is reported to have sold for
$1.25 a pound in Denver. This deposit is similar in character to others
examined, except that in this case a well-defined fault has provided a
- zone of crushed and porous rock in the hanging wall, along which
impregnation could take place. A few hundred feet farther west the
crushed sandstone adjoining the fault has been impregnated with
cupriferous solutions and is spotted with stains of the blue and green
carbonates of copper.

OTHER DEPOSITS.

It is known that several carnotite claims have been located in
Gypsum Valley in what is known as the Disappointment district.
The impregnated sandstone is said to cap a hill and to constitute an
extensive deposit, but it was not visited. Carnotite is also reported
from the Blue Mountain district, but I have no personal knowledge of
these occurrences. It seems highly probable that the material will
be found widely distributed in the Mesozoic sandstones of western
Colorado and eastern Utah, although perhaps nowhere in very exten-
. sive bodies.
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ORIGIN OF THE DEPOSITS. .

That the bodies of carnotite and roscoelite were formed subsequently
to the deposition of the sandstones is evident from the facts presented
in the preceding pages.” It is equally plain that the minerals could not
have resulted from the alteration, in place, of other compounds of
vanadium and uranium originally contained in the sands. The shape
and position of the deposits indicate clearly that the ores have been
brought to their present position by transportation. Moreover, the
recency of the deposits and the fact that they are sometimes directly
connected with faults and dislocations in the sandstones show that the
vanadium and uranium compounds could not have been the original
cementing material of the quartz grains, but in all probability they

have locally replaced the calcite that acts as matrix to the ordinary

light-colored sandstone in which the ore bodies occur. The deposits
of roscoelite appear to be comparable to impregnations formed in
sandstones by cupriferous solutions—such impregnations as may be
seen at many places in this region, particularly on La Sal Creek near

“Cashin and in Sinbad Valley—whereby the sandstone becomes colored

bright green with carbonate of copper. In these places, however, the
copper appears to have been previously deposited in part as chalcocite.
An analogy might also be drawn with the green chromiferous sand-
stone near Placerville, already referred to. In all these cases the
actual sources of the materials which have been deposited by solu-
tions in their present position are not known. Doctor Hillebrand
has shown,® however, that vanadium in small amounts is widely dis-
tributed in sandstones, limestones, and igneous rocks. - It is perhaps
present in very small amounts throughout the sandstone, and the
deposits described may simply represent a concentration of this mate-
rial under certain favorable conditions of solution and redeposition.

In the absence of exploitation it is manifestly impossible to predict
the probable shape and size of ore bodies formed in this manner.
The roscoelite seen near Placerville appears, however, to be much
more persistent than the carnotite. There is no apparent reason why
a mass of sandstone, impregnated with roscoelite, which is continu-
ously exposed for several hundred feet along a cliff, should not extend
for a considerable distance inward from the cliff face. The carnotite,
on the other hand, appears to be of much more superficial occurrence,
and its connection with the present surface of the ground is not yet
fully understood. This would indicate that the carnotite results from
a local concentration of material already existent in the sandstone, and
the deposition of this material in the form of carnotite under condi-
tions determined by p1oximity to the surface, and probably partly
dependcnt upon a semiarid climate. :

aAm. Jour. Sci., 4th ser., vol. 6, 1898, pp. 209-216. -
Bull. 262—05——2
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CHEMICAL ANALYSES AND DISCUSSION.
By WF HILLEBRAND.
I. GREEN COLORING CONSTITUENT OF PLACERVILLE SANDSTONE.

As noted by Doctor Ransome, the greener the sandstone the greater
has been the replacement of the calcareous cementing material by the
crystalline vanadiferous mineral. Fortunately, the greenest available
specimen was entirely free from carbonate, and this was used for
analysis, 10 grams being taken for the main portion.

The green substance was but slightly attacked by cold acids and not
rapidly by hot ones, nevertheless after from twelve to twenty-four
hours’ digestion on the water bath with diluted nitric acid the greenish
color had been transferred to the liquid, the residue of sand was nearly -
white, and a rather voluminous separation of nongelatinous silica had
taken place. The filtration and washing of the insoluble matter was
accomplished without difficulty. The free silica in it was extracted by
two or three digestions of fifteen minutes each on the water bath with
sodium carbonate solution of 5 per cent strength. The flocculent matter
had entirely disappeared and the sandy residue was collected in a Gooch
crucible and washed with hot sodium carbonate solution, followed by
very dilute nitric acid, and finally by alcohol, to prevent turbid filtra-
tion. Drying of the sand was effected by allowing the pump to draw
air through the crucible until no further loss in weight resulted.

The water in the sand was then determined at 105°, at 300°, and
_above 300°. Similar water determinations having been made on the
unattacked substance, the differences gave the water expelled at those
temperatures from the soluble part.

The sodium carbonate solution was acidified, evapomted and fil-
tered, and the filtrate again evaporated, to recover the last of the silica.
To this was added a very small portion which the nitric-acid extract
of the sandstone held in solution. The sum represents the total silica
of the decomposed portion of the sandstone.

The further analysis of the nitric solution presented difficulty
because of the vanadium it contained. It was carried out in a variety
of ways, of which the following seemed to be most satisfactory:

Barium was first precipitated by sulphuric acid and subsequently
separated from traces of lead, calcium, and vanadium. Hydrogen
sulphide then threw out further traces of lead and copper with much
sulphur from reduction of V,0O, to V,0,. After evaporation of the
filtrate to reoxidize vanadium and iron, the alumina, iron, and trace
of uranium with much vanadium were separted from the calcium,
magnesium, and alkalies by three precipitations by ammonia solution.
The combined. filtrates were evaporated and ignited, the residue was -
transferred to a porcelain boat with nitric acid, evaporated therein to
complete dryness, and exposed in a glass tube to a current of dry
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hydrochloric-acid gas, as recommended by Smith and Hibhs¢ for the
expulsion of vanadium from alkaline vanadates. The removal of
vanadium being incomplete, the contents of the boat were again
evaporated with nitric acid and again distilled, and these operations
were repated. till no further evidence of a brown distilate appeared.
The boat now contained only magnesium and alkalies with a little
calcium. The distillates, containing all the vanadium that was in the
boat, had been collected in U-tubes charged with water, and were
eventually obtained in sulphuric solution for further treatment by
evaporating with sulphuric acid in porcelain.

The precipitate of AlO,, etc., was dissolved in nitric acid, evap-
orated almost to dryness in platinum, and boiled with sodium-hydrox-
ide solution. These operations were repeated on the precipitate after
filtration, The iron and titanium thus purified were redissolved, pre-
cipitated by ammonia, weighed, redissolved by acid potassium sulphate,
and the ferric iron was reduced by hydrogen sulphide and titrated with
permanganate after boiling out the reducing agent. The titanium
was then found colorimetrically by hydrogen peroxide.

The combined alkaline filtrates were heated with excess of ammo-
nium nitrate to separate alumina from most of the vanadium. The
precipitate was redissolved in nitric acid, reprecipitated by ammonia,
then ignited and weighed and redissolved by acid potassium sulphate.
The sulphuric solution was reduced by*hydrogen sulphide, hoiled and
filtered from platinum sulphide, again boiled in a current of carbon
diokide, and titrated hot with permanganate. Sulphur dioxide gas was
then introduced, boiled out in a current of carbon dioxide, and the
titration repeated, this second result being taken as representing the
V,0, equivalent to the V,0, that still contaminated the A1,0,. Deduct-
ing the V,0; thus found from the combined weight of Al,O, and V,O;
gave the Al,O, of the soluble constituent of the sandstone.

The combined filtrates from the alumina were evaporated and ignited
to remove ammoniacal salts; the residue was converted to sulphates
and united with the earlier solution of vanadium sulphate. The
vanadium in it was then determined precisely in the manner already
described, and when added to that found with the alumina and éalcu-
lated to V,O, gave the total in the sandstone. °

A check was made by dissolving the sandstone in hydrofluoric and
sulphuric acids in a current of carbon dioxide and titrating the V,0,
with permanganate. The figure thus obtained was a trifle below that
found as above detailed, and this is to be attributed to the presence of
a very little vanadium as V,0; in carnotite, and probably as a lead
vanadate. All the uranium and most of the trifling amount of lead
could be extracted by cold dilute nitric acid, showing that they were
foreign to the green substance.

aJour. Am. Chem. Soc., vol. 16, 1894, p. 578.
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It is preferable to regard iron as in the ferric rather than the fer-
rous state; otherwise an equivalent amount of vanadium would have
to be considered as V,0;, for which there is no occasion. It is quite
possible that the iron is in part, if. not wholly, foreign to the green
matter, for it would be surprising to find an exposed sandstone free
from ferric oxide.

If the iron is disregarded as probably extraneous, the 1atlos given
below afford the following empirical formula:

\‘ H896 Rl‘)i R”39 R’”G]o b1763 0277‘5' ‘
Or HSQG R194 R”39 RNIGIO (SIO )555 (bl\'i 8)60
Simplified, thls is H, R,y R”, R, X,

In view of the fact that the mineral is probably not perfectly pure
and of the uncertainties affecting the amount of water to be considered,
etc., the above affords a close approach to the typical phengitic mus-
covite formula, H, KR, X,, in which X comprises the groups SiO,
and Si,0,. ’ :

Sandstone. V Ratios. Silicate. Roscoelite.
Soluble in nitric acid:
Si0, enno.. ORI 12.56°| 0.763 46.06 | - 45.17
B 10 Y .02 .78
V04 e e e | 350 0846 12.84 24.01
}o 305 { , ,
ALOy oo 6.15 | .2206 22.55 11.54
3 0 N .20 | .0046 .78 1 FeO1.60
Ca0 ...... e o1z L0078 44
BaO ... .37 .0088¢ . 039 1.35
MO e, .25 |, .0228 92| 1.64
) L S 2,41 | ..0938y T 8.84 10. 37
) e } .097 { A
Na,0 ..... e Temecencaaaa- .06 . 0035 .22 .06
H,0at105° ... ........... .54 | .1100 1.98 40
H,0 at 105°-300° ........:. .14 . 0283 .51 .17
H,0 above 300° ........ - .97 .1978 .198 3.56 4.12
L8 .05
PbO ... ........ REEERRPSR .06
ViOg e eeemamacmaennanns .05
Insoluble in nitric amd:
Quartz, ete...se.eeo ... b72.24
H,0 8t 105° - ooeeoee .. .04
. H,0 above 105° ._....._... .20
99.93 |............... 100. 00 99. 86

aQxidation by permanganate of the HFI and H,S0, solutlon of the sandstone indicated 3.43 per
cent Vy03 (mean of 3.60, 3.32, 3.48, 3.43).

b Containing about 65 dper cent SlO,, 7 per cent Al,O, (F€a03T102) and about 0.3 per cent of zircon’
and other minerals not decomposed by repeated evaporations with HF1 and H,SO,.

Traces of Li, Cu, Mo, Bi. No Cl, SO, or P,0,.
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An attempt to satisfactorily distribute the constituents among difter-
ent chemical molecules would be futile, since, for instance, we do not
know whether to ascribe the barium to a blotlte or muscovite molecule,
but the close approach to the muscovite ratio leaves little room to
doubt the character of the body. Notwithstanding the chlovitic aspect
of the mineral under the. microscope, the analysis shows that.it can not
be a chlorite, and we have undoubtedly to do with a body closely
related to the mica roscoelite, wherein, however, the percentage pro-
portions of ALO, and V,0, are reversed; thus affording a further
striking example of the mutual replaceability of these two oxides.

For comparison, the latest analysis of roscoelite from Placerville,
Cal., is included in the above table. Peculiar, though unimportant,
is the coincidence that the only two known localities for this mineral
should bear the name Placerville.

II. GREEN SANDSTONE COLORED BY CHROMIUM.

Other sandstones that were a much brighter green than the vana-
diferous one were observed and collected by Doctor Ransome, both
at Placerville and 60 miles distant in- Sinbad Valley. The color sug-
gested a salt of copper as its cause, but analysis showed it to be due
to chromium. Time has not been found to determine the nature of
this coloring body. It is very difficultly soluble, and thus presents
greater hindrance to analysis than did the vanadium compound. It
would be interesting to find that it is a micaceous mineral analogous
to the one just described. Under the microscope it presents a chlo-
ritic appearance (Ransome). If opportunity offers, the problem of its
nature may yet he attacked.

In still another greenish sandstone from the west bank of the
Dolores River, near the mouth of La Sal Creek, amlysm failed to
show e1thel vanadlum or chromium,

II1. CARNOTITE ORES.
OPTICAL EXAMINATION.

Dr. George P. Merrill has kindly submitted the fo]lbwing notes:

The carnotite powder appears under the microscope in the form of exceedingly
minute dust-like particles without crystal outlines and acting so faintly on polarized
light as to at first seem almost amorphous. Much of the matter appears merely as
a fine brownish clay, stained yellow by an amorphous pigment, but occasionally a
well-defined fragment of a light-yellow translucent mineral is seen, which doubtless
represents the vanadium compound in its condition of ideal purity.

Working over a considerable amount of the powder I have found occasional clus-
ters of this yellow mineral in the form of flattened radiating crystals with pyram-
idal terminations which are without evident pleochroism, polarize only in dull
colors, and give extinctions always parallel to the axis of elongation. These are so
minute (not over 0.25 mm. in length) and so thin that I. have never been able to
find a crystal so oriented as to give an opportunity of determining its exact char-
acter, and I can only say that the general shape is such as to suggest a hexagonal
mineral, though this is by no means certain. . ©
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CHEMICAL EXAMINATION OF CARNOTITE ORES.

The chemical problems involved in the analysis of the carnotite ores
were peculiarly intricate. Ideal material was quite unobtainable and
mechanical separation was impossible. The first specimen received
happened to be of higher grade than any of the subsequent ones, con-
taining about 5 per cent of sand grains and showing only very faint
.delicate reddish tracings, indicative of some foreign iron mineral. In
mass it was of a beautiful canary-yellow color and easily broken
down by pressure. Other specimens were more coherent, the degree
depending altogether on the extent to which the sandstone had been
impregnated and altered, and they sometimes showed more of the
peculiar reddish admlxture

A fact only suspected in making the first analyms was confirmed by
subsequent work on lower-grade ores, namely, that the vanadium existed
in two conditions, in entirely distinct minerals, the greater part by far
as pentavalent vanadium in the easily soluble carnotite, and a smaller,
much less soluble portion, almost vanishing in the purest ores, in the
trivalent state as a constituent of a silicate free from uranium. This
observation explained the statement of Messrs. Poulot and Voillequé
that they had found the low-grade ores relatively richer in vanadium,
as compared with uranium, than the high-grade ores.

While the carnotite dissolves at once in cold dilute nitric acid,
unfortunately the vanadiferous silicate is not quite insoluble, hence
arose an important difficulty in the way of arriving at the true com-
position of the carnotite. It is true that in one case the silicate has
been analyzed (p. 30), but it would be unsafe to correct the carnotite
analysis on that basis. Moreover, the analyses were not all made on
the same plan; some are less complete than others; they can not in
some respects be rigidly compared with one another.

As to the carrying out of the analysis, various procedures were
tried and no one was found which gave altogether satisfactory results
as to each constituent, though many could be determined with the
usual degree of accuracy. The difficulty was due mainly to vanadium
and the small amount of phosphoric acid usually present. These two
constituents were likely to be found in different precipitates and could
not be separated from them at one stroke. Their complete removal
from other bodies was at times impossible, and the weight of the latter
had then to be corrected for these residual amounts..

Two entirely different lines of attack were open. One, that of
Friedel 'and Cumenge, described in their paper on carnotite, had
already been used with apparent success. It depends on rendering
the vanadium insoluble in water by evaporating the nitric acid solu-
tion to dryness. Water extracts the alkalies and uranium without
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dissolving the vanadium, iron, or aluminum. Repetition of this proc
ess yielded Friedel and Cumenge satisfactory results. They recom-
mended washing with water containing ammonium nitrate.

The other method involved the quantitative removal of vanadium by
dry hydrochloric acid gas in the manner already described (pp. 18-19).
Smith and Hibbs had shown that this method is perfect for alkaline
pyrovanadates and it was hoped that it might succeed even with such
complex mixtures as those under consideration. The distillations were
made on the crude ore and also on the nitric acid solution after filtra-
tion from the insoluble matter and evaporation to thorough dryness.
The action is immediate in the cold, copious red-brown vapors coming
off and condensing in part as a dark red liquid in the tube. But
repeated distillations and the application of heat were required to
effect complete removal.of the vanadium accompanied by the arsenic
and molybdenum. After each distillation the contents of the boat had
to be evaporated with nitric acid: The blue and green colorations
apparent on adding this acid showed that the hydrochloric acid gas
had reduced a good deal of the vanadium to a lower state of valence,
and in this condition it was incapable of forming the volatile body.

A somewhat more satisfactory separation sonietimes resulted when
this distillation method was combined with that of Friedel and Cumenge
by subjecting both the evaporated uranium nitrate solution and the
residue insoluble in water to the action of hydrochloric acid gas.

The distillates obtained by either way were evaporated with sulphuric
acid, the arsenic and molybdenum were separated by hydrogen sul-
phide, and the vanadium was then titrated by permanganate at a tem-
perature near boiling and again after reduction by sulphur dioxide
gas. In one or two cases when the temperature of distillation had
been high and it was feared some iron had passed over, the distillates
were evaporated in porcelain with nitric acid, transferred to a platinum
crucible, evaporated therein with sulphuric acid, and fused with sodium
carbonate. The aqueous extract was then treated as above for arsenic,
molybdenum, and vanadium. -

The mode of separation practiced by Friedel and Lummgc, while
perhaps 1dequate for technical purposes in ores free from phosphorus “
does not in my hands give perfect satisfaction even then. It is impos-
sible to prevent a little of the vanadium, also of the iron and alumi-
num, from going with the uranium, and on the other hand a little
uranium may stay with the vanadinom. Again when the vanadic acid

a With even only half a per cent of P,0; many times that amount of UQ, is rendered insoluble in
water after evaporation to dryness with nitric acid. The compound formed is of a lemon-yellow color,
which is masked by the separated vanadic acid until this has been removed by ammonia. This
insoluble body was treated as follows in order to arrive at the P,O; and UO; it contained. After
solution in nitrite acid the phosphorus was precipitated by ammonium molybdate, and from the
filtrate the uranium by three precipitations by ammonia.
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is extracted from the residue by ammonia, as prescribed by Friedel
and Cumenge, a little of the other constituents of the residue accom-
pany the vanadium into solution. :

If the combination of the two methods is used, it is better, after the
vanadium has been removed by distillation, to treat the two residues
separately at first instead of to unite them at once. Full details of
this treatment are unnecessary and would unduly extend this paper.
_ Suffice it to say that from the uranium portion the little iron and
aluminum present are separated by ammonium sulphide and carbon-
ate, and after removal of the latter and acidification the uranium can
be thrown down by ammonium sulphide, and then by at least two
precipitations by ammonia, or far better, by precipitating the neutral
hydrochloric solution by freshly precipitated and alkali-free mercuric
oxide at boiling heat, as prescribed by Alibegoff.2 As pointed out by
von Foullon and also by Alibegoﬁ contrary to certain still widely dis-
seminated statements, ammonium sulphide does not afford a good sepa-
ration of uranium from caleium. This is perhaps especially true if the
solution contains any phosphorus. Again, contrary-to.another state-
ment, it seems perfectly possible to separate uranium -completely
from alkalies by a few ammonia precipitations.

The finally ignited and weighed U,O, was redlssolved in nitric acid,
filtered, if necessary (SiO,, ALO,, Fe2 ,), and divided into two parts,
one of Which was tested for the very little P,O; usually present, and
the other for vanadium by conversion into sulphate, reduction by sul-
phur dioxide gas, and titration by very dilute permanganate solution.

ANALYSES OF CARNOTITE ORES.

I. Copper Prince cldim, Roc Creek, Montrose County, Colo.

According to the donor of the specimen, Mr. J. R. Duling, I-a is
from the same lot as that from which Mr. Poulot obtained the speci-
mens afterwards analyzed by Friedel and Cumenge.

II. Yellow Boy claim, La Sal Creek, Montrose County, Colo.

IT1. Yellow Bird claim, La Sal Creek, Montrose County, Colo.

The last two claims belong to the same group and the ore is flom
the same ** blanket” (Voillequé).

1-5 and II-b, the first analyses made, are not strictly eomparable
with the other analyses, since they represent the effect of warm dilute
hydrochloric acid, whose greater action is shown by the nearly com-
plete solution of the ferruginous admixture. Cold, dilute nitric acid
was used for the other analyses.

a Ann. Chem, u, Phar., vol. 233, 1886, p. 133; Zeit fiir anal. Chemie, vol. 26, 1887, p. 632.
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T L 11
111
a } b c. a b
Insoluble.......... . e7.10 v8.34 | ¢19.00 | €10.33 (¢) )]
UOgeecceaeaanan. 54.89 |  52.25 | = 47.42 54. 00 52.28 | 20.51
L' T 18.49 18.35 15.76 18.05 | 17.50 7.20
POy oo .80 .35 .40 - .05 trace none
AsO oot trace © .25 | - none none none | . none
ALO, ..ol .09 (? .08 . .29 ) .08?
FegOy onneeenennns .21 1.77 .72 .42 3.36 .25
(67:10 3.34 2. 85 2.57 1.86 1.85 1.64
SrO........o... . .02 M ™ - trace trace | (?)
BaO .. ... .. .... { .90 .72 .65 2.83 3.21° .29
MgO...... e .22 .20 .24 .14 .17 .07
KO . oo, 6.52 6.73 6.57 5.46 |  5.11 1.51
BUF: X § T .14 .09 .07 .13 .027? .01
| ¥ 0 S .. trace (M ? trace ? (?)
H,0at105° __..... 2.43 2.69 1.85 3.16 4.52 1.85
H,0 at 350° ....... 2.11 3.06 2.79 2.21 3.49 91.64
H,0 above 350°.. .. none none none none |.......... k.19
PhO ....... .13 .25 .18 1/ OO .09
CuO ... ....... . .15 .20 .22 trace |.......... trace
S0, ..... e . none L12 .18 none |.......... none
MoOy .. onennene. .18 .23 A8 05 |l .04
5110 O .15 .06, .13 B | I D .07
TiO; ceeeeeeann .03 .10 ®) 63 T -.06?
COp el .56 .33 none NONE |veweueueni|ieannann-
98.46 | 98.84| 99.01| 99.25 |.......... : ........

«Containing 0.54 H,0, 0.09 Vo053, -

bThe insoluble matter had the following composition: SiQg, 5.18; V404, 0.21; P,0;, 0.09; K.0, 0.26;
Na,0, 0.04; H,0, 105°, 0.56, 350°, 0.32, --350°, 0.48; Al.O3, TiO, Cry0s, etc., by diff,, 1.20. The SOy of this
ore is not combined with BaQ, for it is wholly extracted by dilute acids. Once in solution the acid
used is suflicient to prevent its immediate precipitation as BaSO4 by union with some of the barium
present. The same holds true for the SO, of I-c.

¢This material was obtained by floating off the finer matter, allowing it to settle, collecting on a
Gooch filter, and drying it in a current of air drawn through the crucible. The insoluble matter held
in addition to 16.41 quartz and silicates (including 0.39 V.05 and & little UO3), H20, 105°, 0.83; 300°,
0.73; +300°, 1.03; total H,0, 2.59, : -

dContaining 0.16 V.04 and 1.90 H,0. .

eThe insoluble mutter contained besides quartz and silicates: 0.25 Vo0, 0.21 K0, 0.05 Na,O0.

7 This analysis was made purposely on a relatively poor ore, furnished by Messrs. Poulot and Voille-
qué, with the object of determining, if possible, the composition of the vanadiferous silicate which
it contained (see p. 30). The data for calculating the Hy,O values of both analyses are as follows:

After extrac.| After extrac-

. tion of resi-
tion of carno-|
Ore. | tite by cold, | due by hot

st | mitric acid
dilute nitric sodinm car-

acid. bonate, ete. -
. (a) ) (¢)
(o] «
10 nt 8000 b e o0
HyO'above 300°... .83 .64 .02
6.47 2,79 .07

a-b furnishes the values for the carnotite as shown in analysis III; b-¢ gives those for the less sol-
uble silicate (p. 30).

g At 300°.

h Above 300°.



26 CONTRIBUTIONS TO MINERALOGY. [BULL. 262.

DISCUSSION OF THE CARNOTITE ANALYSES.

It will be noted that a somewhat marked deﬁc1ency appears in most
of the analyses, the cause of which is quite unknown. Great care was
exercised in most cases and especially in those which show the greatest
loss. It seems hardly possible that any serious constant loss of a
known constituent should have occurred, but the only alternative
demands the presence of an element or elements unnoticed and which
can not have been weighed with the known constituents. The
researches of M. and Mme. Curie have shown that these ores contain
traces of radio-active elements, precipitated the one by hydrogen
sulphide, the other by sulphuric acid. Their presence, however, in
quantity sufficient to account for the observed losses in the above
analyses, especially when 10 grams of ore were operated on, could not
possibly have escaped observation. To whatever cause it may be due,
this loss alone suflices to render somewhat uncertain any calculations
based on the analytical figures, though if the loss is to be ascribed to
uranium or vanadium the ratios would not be sufficiently affected to
obscure any simple relations that might exist.¢

Another difficulty is the 1mp0531b1]1ty of knowing what con’stltuents
to exclude and what to include in deducmg molecular ratids. It is
certain that most if not all of the iron is forelgn to the yellow body.
It is probable that phosphorus is likewise so, since its extraction by
dilute acids does not keep pace with that of the uranium and vanadium.
It may possibly be in combination with the iron, in part at least. The
alumina doubtless is derived from the vanadiferous silicate which
seems to exist in all the ores and which is not quite insoluble in cold
dilute acids. If so, a small portion of the vanadium, potassium, mag-
nesium, and water are to be attributed to this mineral, but a general
correction based on the analysis of this compound (see p. 30) would
not be justifiable. Its application leads to nothing definite, even in
the case of the particular ore No. II1, from which the silicate analyzed
was derived. '

In the following tables are given first the recalculated analyses and
then the molecular ratios. All those constituents have been excluded
which pretty certainly do not belong to the carnotite, but small portions
of some of those retained are unquestionably extraneous. In two cases
(I~ and I-0) a certain proportion of lime has been arbitrarily excluded
equivalent to the acid anhydrides CO,, MoO,, and SO,, less what is
needed to offset PbO and CuO.

aAccording to Dr. Harry C. Jones, of Johns Hopkins University, who very kindly undertook to
examine a specimen of the Copper Prince ore fqr rare gaseous elements, helium is not present.
Faint hydrogen lines wére observed, the source of which was ascribed to water vapor. Other lines,
due probably to hydrocarbons, were fairly strong, but the specimen had been long enough exposed
in our laboratory and elsewhere to have accumulated enough dust to acecount for them.

-
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CARNOTITE ANALYSES RECALCULATED.

CARNOTITE AND ASSOCIATED MINERALS.

A 1I-a.

I-a. “I-b. I-c II-b 11,
ViOpenemenennns 20.72 | 2109 | 20.12| 20.54| 19.8 20. 62
)Xo N .90 .40 ".51 06 |
AsOp oo e 29 |
UOy weeeennnn... 61.53 | 60.06| 60.55| 6l.44| 59.31]  58.75
Ca0 ..oooonon... 3.03 2.77 3.28 2.11 2.10 4.70
BaO(Sr0)....... 1.03 .83 .83 3.22 3. 64 .88
MgO............ .25 .23 .31 .16 19 .20
KO woononennn 7.31 7.73 8.39 6.21 5.80 4.33
Na0 ....o...... .15 .10 .09 15 .02 .03
H,0—105° ..._.. 2.72 2.98 2.36 3.59 5.13 5. 30
H,0+105° ...... 2.36 3.52 3.56. 2.52 3.96 5.24

100.00 | 100.00 | 100.00 | 100.00 | 100.00 |  100.00

MOLECULAR RATIOS.

ViOsemeatannn. 1133 1208 1101 1124 1081 1128
PiOg coemennnn. 63111968 2811248 361137 afrizsll ... ...
A8O5 - oeeoee et 12 S B | G
UOy «oooeeanen 2140 2088 2105 2136 2062 . 2043
Cal ..o 541) 495 586 377 375 839)
BaO(Sr0)....... 68 6711 541 606 54t 718l 210} 627! 238} 660 54 943
MgO............ 62]. 57 78 40) 47 50
o U 776 826y - |1 891 659 616 460
N0 i as e L A s R
H,0—105° ...... 1511 1656 1811 - 1994 2850 2044
H,0+4105° ...... 1311 1956 1978 1400 2200

These ratios lead to the following empirical formulas, in which only
the water given oft above 105° is considered. Since the water is
wholly removable below 350° it is regarded as water of crystallization
and not of. constitution. -

R.. R, Rv. . 0. H0.
Toth oo, 1618 671 2392 2140 13880 |, 1311
I-b ..., 1696 606 2496 2088 13958 1956
I-¢ e . 1822 718 2274 2105 . 13629 1978
M- .cooooinoo. 1384 627 2256 2136 13367 1400
II=b . 1240 660 - 2162 2062 12871 2200
iII ............. 932 943 2256 2043 13178 2911
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If it be assumed that the bivalent elements offer the most accurate
determinations, the above ratios may be reduced to the following
simpler terms on that basis:

R’. RrR”., - Ry, U. ) 0. .. H,0.
Tt oo 2.41 1| - 3.5 319 - 20.68)  1.95
Tb oo 2. 80 1 4.12 3.45| 23.03] . 3.23
To¢ oo, 2,54 1 3.17 2.93| 18981, - 275
1 ST 2.21 1 3.60 3.41 | 2132 2.23
Tb oo 1.88 1 3.27 312 19.50 3.33
)10 .99 1 239 | 2.16| 13.98 3.09

The results, however, show a great lack of agreement and wide.
variation. It is plain that no probable formula can be calculated for
the yellow body. The variations are of such a nature as to indicate
in the plainest manner that it is a mixture of several substances.

So detailed a discussion as the foregoing would hardly have been
justified, in view of the negative conclusions arrived at, but for the
fact that Messrs. Friedel and Cumenge in their paper announced a
simple formula for the body examined by them and gave it the specific
name carnotite. Their published analyses are as given helow, from
which they have excluded considerable sand and traces of barium,
aluminum, lead, copper, and radio-active bodies as present in excess-
ively small quantities. They make no mention of calcium and admit
that their values for water are open to doubt. The formula deduced
by them is 2U,0,,* V,0,, K,O, 3H,0.

Found.
Calculated.
1 2 3. 4

U050 o 64,70 62.46 | ... ... 63. 54
Vo0 - e e 20.81 [ 19.95 |0 ... 20.12
(O S 10.97 11,09 |ooeeeee et 10.87
HyO oot 5.29 4,81 5.95
FeOguenmnn i 96 (i1 3 P FU RO
........................................ 99. 98

@ 0ld notation, equivalent to the-modern UQ;.

It appears from these analyses that Messrs. Friedel and Camenge by -
great good fortune obtained a variety of samples of the pure potassium
compound, free from calcium and without appreciable admixture of
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barium. This is very remarkable in view of the fact that all the ores
from different localities, examined by me show lsuge admixture of
calcium or barium salts or both, even that which is certified to have
comé from the same lot as that from which their material was taken.
The French authors give a brief outline of their methods of analysis.
That -one which afforded them the best results would involve the
weighing of any calcium present as sulphate along with the potassium,
on the assumption that the presence of that element had been over-
looked. It is much to be desired that a reanalysis of their material
should be made, if there is any of it still available, in order to clear
up the doubt connected with the first analysis. '
In the light of the evidence herein set forth, the existence of a dis-
tinct mineral species having the composmon dalmcd for carnotite can
by no means be considered as éstablished. °

AVERAGE QUALITY OF MARKETED ORE.

As these carnotite ove bodies are being exploited for the market, it
is of some interest to know the average quality of each commercial
lot. A carefully prepared sample representing several tons of ore was
received from one of the commercial houses of Denver and was found
to carry 11.49 per cent of uranium counted as U,O,, and 6.40 per cent
of vanadium counted as V,0,. Over one-sixth of the vanadium existed,
however, in the trivalent state, not a3 a constituent of the yellow body,
but doubtless of a silicate like the one whose composition is given on
page 30. ,

COMMERCIAL ASSAY.

The commercial assay of these ores has presented difficulties to the
technical chemist, the results heing sometimes very discordant. .

As to uranium, this is not surprising. The methods that have prob-
ably been commonly employed will give varying results, according to
~ the contents of the ore in phosphorus and alkaline earths. Possibly
the -old Patera process, described in most text-books on analytical
chemistry, might be made to serve, with modifications called for by
the large amount of vanadium present.

The assay for vanadium presents little difficulty and does not require
~much time. The ore is fused with sodium carbonate, leached with
water, and the fusion repeated on the residue. The combined filtrates

are acidified by sulphuric acid, arsenic and molybdenum are precipi-
tated in the hot solution by hydrogen sulphide, whereby the V,0; is
reduced to V,0,. After filtration and expulsion of hydrogen sulphide
by boiling, the vanadium is titrated in hot solution by permanganate.
It is then reduced by sulphur dioxide gas, and after boiling this out
the titration is repeated. The results are exact, and they are not
aftected by the uranium that may be present.
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IV. COMPOSITION OF VANADIFEROUS SILICATE IN CARNOTITE
ORE.

As already mentioned, the ores contain a vanadiferous silicate free
from uranium. To the end of ascertaining its composition, if possible,
ore No. III (p. 25), from the Yellow Bird claim, low in carnotite, but
relatively rich in vanadium, was treated as follows:

The carnotite from 10 grams was éxtracted by cold, dilute nitric acid,
and the well-washed residue, consisting of coarse sand and an utterly
amorphous mud, by 4 per cent sodium carbonate solution to get rid of
the small amount of silica presumably.set free, but not dissolved by the
acid. This amounted to 0.35 per cent in duplicate determinations, and
together with 0.06 per cent in the acid solution, or 0.41 per cent in all,
may serve as a maximum figure by which to gage the action of the
cold acid on the silicate or silicates in the ore. The residue was then

~digested for several hours with warm nitric acid of about 1.2 specific
gravity until, as shown by a companion test, its action had ceased. It
was then filtered, washed, and digested with 5 per cent sodium car-
bonate solution to dissolve the copious deposit of silica. The final
residue was collected in a Gooch crucible, washed with sodium car-
bonate, followed by dilute nitric acid to remove all alkali, then by
alcohol to prevent turbidity in the filtrate, and dried by suction of the
pump. In it the water was determined at different temperatures; also
its general composition. From the sodium carbonate filtrate the
silica was obtained by two evaporations and filtrations; also the trifling
amount held by the acid solution. This latter was then fully analyzed
and the complete results follow: :

Per cent in P e o Ratios.
: 100.

S10gn c e e 6.48 43.94 0.7275
ALOye e e | v2.u5 16.58 | 0.1622
L1200 T ¢.965 6.54 | .0434} .2426
Fey0p oo e - a.875 5.93 | .0370
Ca0 - - e .035 .24 | 0043
MEO - oot ¢.654 4.43 .1099} <1142
0 . 546 3.70 .0393} 0430
BN O S S .03 .20 | .0037
H,0 2t 105° O o oooee e e f1.66 11. 26 . 9222
H,0a6800°C. . cceuae i iiiieaaaeaiaaee| .44 2.98 | . 1655
H,0 above 300° C... ..ol J.62 4.20 . 2333

' 14.75 | 100,00 |ooeoeeoeno...

4Si04, 48.89; Al;O,, FeyO,, zircon, etc., 0.44; TiO,, 0.08, MgO, 0.01; K,0, 0.11; Na,0, 0.03; H,0, 0.07;
total, 49.63. 245 and 2.44. ¢0.93 and 1.00. d0.87and 0.88,  €0.652 and 0.657.  f Determined
on a separate portion of the same powdered sample. See p. 25, footnote, for data.

Also traces of titanium, manganese, and lithium. :
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On the improbable assumption that the iron is tobe wholly included,
and regarding only the water given off above 300°, the followmg

ratios result:
i ! i "t \H .
i H,,, Ry R7pqy R (g5 Sigy, 02573,

which become, if the iron is excluded,
' ' "' " B
H,; Ry Ry R,y Sigy- Oy

These figures, while strongly suggesting definite ratios between
certain of the constituents, do not under the circumstances warrant
the deduction of a formula, nor do they lead to the same conclusion as
in the case of the green cementing material of the sandstone at Pla-
cerville. The phengite-muscovite ratio-of that is not apparent here;
yet it is not at all unlikely that a mineral like the one from Placerville
is present, but contaminated with some other. In fact it would be sur-
prising to find anything but a mixture in sandstones so thoroughly
altered. The very existence of such vanadiferous transition products
is itself highly interesting, and these tedious analyses were not there-
fore made in vain. The mud-like amorphous character of this material
precludes any hope of aid from the microscope in solving the question
of its homogeneity.

' SUMMARY.

The. body -called carnotite is probably a mixture of minerals, the
exact nature of which analysis fails to revedl. Instead of being the
pure uranyl-potassium vanadate, it is to a large extent made up of
calcium and barium compounds. Intimately mixed with and entirely
ohscured by it is an amorphous substance—a silicate or mixture of
sﬂlcwtes——contqmmg vanadlum in the trivalent state probably replac-
.ing aluminum.

The deposits of carnotite, though distributed over a wide area of
country, are for the most palt if not altogethe1 very superficial in -
character and of recent origin.

The green coloring and cementing material of certain sandstones
near Placerville, Colo., is a cryptocrystalline alumino-vanadio-potas-
sium silicate resembling roscoelite, but with the. percentage propor-
tions of ALO, and V,0, reversed. It constitutes over 25 per cent of
portions of the sandstone, and contains nearly 13 per cent of V,0,, the
latter amounting in the maximum case observed to 3.5 per cent of the
sandstone. .

As yet (1900) these highly vanadiferous sandstones have been found
only at Placerville, where it is intended to work them for vanadium.
Carnotite is associated with them in only trifling amount.

Other sandstones noticed owe their bright green color to chromium.

In yet another case where the color was dull green this was not due
to either chromium or vanadium.



SOME ADDITIONS TO THE ALUNITE-JAROSITE GROUP OF
' MINERALS..

By'Wi F. Hitesranp and S. L. PeNFIELD.

Two new varieties of jarosite will be described in the present paper.
" One is from Nevada, and was collected by Mr. H. W. Turner, of
the United States Geological Survey, and sent to the Survey labora-
tory at Washington for identification; the other is from New Mexico,
and was sent by Mr. J. H. Porter, of Denver, Colo., to the min-
eralogical laboratory of the Sheffield Scientific School. Except for
slight differences in color the two minerals look exactly alike, each
consisting of minute, isolated, tabular crys-
 tals, which, as may be seen with the micro-
scope, are composed of combinations of a
rhomboheédron with largely developed basal
planes. By chance it happened that the
present writers discovered that they were
both engaged in the investigation of com-
pounds belonging evidently to the same
- group, and it was decided to bring the
results together into one paper.

NATROJAROSITE.

The material collected by Mr. Turner was
obtained on the east side of Soda Springs
Valley, Nevada, on the road from Sodaville
to the Vulcan copper mine. It consists of
a glistening powder, made up of perfect
crystals having the habit shown in fig. 1, although generally only
one rhombohedron, 7, is present instead of two, as shown in the figure.
The largest crystals observed were 0.15 mm. wide and 0.025 mm.
thick, and the general average would not be over half that size. In
spite of their minuteness, however, it was possible to measure the
angles of the crystals with the reflection goniometer, the chief dif-
ficulty arising not so much from their small size as from the vicinal
character of the basal planes. After repeated trials a crystal was

32

Fi6. 1.—Natrojarosite.
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found having a fairly good basal plane, and from this crystal the fol-
lowing angles were obtained: ' '

’ Calcu-

Measured. Measured. lated.

cat, 0001 A 10TL=>51° 53/% cAs, 000LA0221=68° 42/ 68° 35/

ca1’, 0001 AT101=51 53 cAd, 0001 A 2021=68 48 68 35
¢, 0001 A0111=52 -26 7 a1/, 1011 AT101=86 5 85 54 -

The crystals belonged: to the rhombohedral division of the hex-
agonal system, and the angle ¢ A 7, 51° 53', which is probably very
nearly correct, has been assumed as fundamental, and from it the
following axial ratio has been calculated:

¢=1.104.

That the axial ratio as given is very near the truth is shown by the
fact that the measurements of ¢ A s and » A » do not vary many min-
utes from the calculated values; while on a number, of other crystals,
measurement- of the angle ¢ A 7, though varying considerably, was
found to be not far from 52°. The angles of ¢ A7 and # A # of the
ordinary potassium jarosite are 55° 16" and 90° 45', respectively.

Under the microscope the crystals exhibit normal optical properties.
With a high-power lens and convergent light the thicker crystals show
the dark cross and the beginnings of the first ring of the interference
figure. The birefringence is negative. The color of single crystals,
when seen under the microscope in transmitted light, is golden yellow.
Many of the crystals show numerous brown inclusions. The color
shown by a mass of the crystals is yellowish brown, and the material
glistens, owing to reflections from the basal planes of the minute
“crystals,

The material used for the chemical analysis was the purest that
could be obtained, although crystals containing the brownish inclu-
sions just mentioned could not be avoided, and there were occasional
brown ferruginous particles mixed with the crystals. The specific
gravity of the material was found to be 3.18 at 30.5° C. The results |
of the analysis by Hillebrand are as follows: '

Rutio.
L o S, 50. 98 0.319 3.29
Na,0 oo 6.03 .094} Lot
KO oo . .85 . 004
6 30.96 387 4.00
H,0 below 105° oo .. .12 )
H,0 above 105° .. ... ... ....oee... 11.03 613 6.33
AS,05 e i, 20
10 23
CAO et e e 04
99. 94

«0f the sodn 0.22 per cent is not extracted by hot water after full ignition of the mineral, and hence
may belong to a feldspar or some other foreign mineral.  Only 5.81 per cent is ngsumed to belong to
the jarosite and used in deriving the molecular valug,

Bull. 262—05 3

\
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The ratio of Fe,0,:Na,0:80,:H,0 is evidently 3:1:4:6 as in
ordinary jarosite, where the alkali is potash instead of soda. The
slight excess of Fe,O, and H,0, as indicated by the ratio, is evidently
due to some ferric hydroxide; probably the dark ferruginous impuri-
ties seen under the microscope are in part responsible for this, and
there are also traces of some arsenate and silicate present. By attrib-
uting the excess of Fe,0, and H,O to impurities, it is found that 94 per
cent of the material analyzed may be regarded as pure natrojarosite,
as indicated below:

. . . The e f

After dcdl':icet;.ng impuri- Niﬂ,ﬂ% ’Ec:gflo

€0, - oo e 46.43 or 49.39 49.49
NayO oo B 5.8lor 6.18 T 6.39
KO e R, 350r 87 |eeaooiol..
B0 e e e 30.96 or 32.94 32.99
Ho0 o 10.450r 11.12| - 11.13
94.00°0r 100.00 | 100.00

That 6 per cent of impurities shouid be present in a crystalline
powder such as was analyzed is not surprising when it is taken into
consideration that it would require something like 2,500,000 crystals
to*make one gram of material, the estimation being based on the
assumption that; the crystals are 0.10 mm. in axial diameter and 0.02
mm. thick, which is certainly above their average size.

Among the specimens from Cooks Peak, New Mexico, sent to the
Sheflield laboratory by Mr. Porter, were some masses of a rather
firmly cemented aggregate of minute crystals of a mineral of the jaro-
site group. The specimens are of a brownish-yellow color, and have
in' places the glistening appearance of a mica-schist. They also look
as though they had been subjected to pressure and had been some-
what sheared. The material is rather easily crushed, and the powder,
when examined with the microscope, exhibits the proprieties of the
natrojarosite just described. The crystals are associated with a little
limonite and quartz, and pure material for analysis could not be
obtained. Only a partial analysis, therefore, was undertaken with
the following results:

0 o NP 55. 60
N2 -« oo e e e 4.49
K0 - e e 77
O P 96

SO, and H,0 were present but not determined. The results are suffi-
cient to indicate that the material is essentially natrojarosite.
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PLUMBOJAROSITE.

This material is from Cooks Peak, New Mexico. It occurs as a
glistening, crystalline powder and as loosely cohering masses which
may easily be crushed by pressure between the fingers. The crystals
are very symmetrical, and are exactly like those of natrojarosite (fig.
1), although generally only one rhombohedron, », is present. On the
average the crystals are a trifle smaller and noticeably thinner than
those of natrojarosite. A number of crystals were measured on the
reflecting goniometer, the chief difficulty arvising rather from the
- vicinal character of the faces than from their small size. One
unusunally large crystal, 0.28 mm. broad and 0.015 mm. thick, was
finally found, having the development shown in fig. 2, which is
unusual, for generally » (1011) and not s (0221) is the prevailing rhom-
bohedron. Fortunately the crystal was so taken up on a minute point
of wax that the measurement of sasin three
rhombohedtal zones was possible. The results
of fivemeastirementsof s sover theupper and
lower pole edges varied between 109° 5’ and Fi6. 2.—Plumbojarosite.
109° 30/, the average being 109° 16’; while
six measurements over the middle edges varied between 70° 10’ and
71° 00', the average heing 70° 836’. The average of the two supple-
mentary values gives sas, 220140221=109° 20', which has been
assumed as fundamental, and from it the following axial ratio has
been calculated:

¢=1.216.

On the crystal from which the foregoing measurements were obtained
the basal plane was vicinal and hence no reliable measurements of
¢~s could bé had from it. On a number of other crystals, however,
the angle of ca” was measured with varying. results, the variation
resulting from the uncertainty of the reflections from the basal planes.
* Four measurements of ¢.7, which were recorded in the notebook as
derived from the best reflections, varied between 54° 15’ and 54° 44/,
the average being. 54° 30’, while ¢ar, 000141011, by calculation from
the fundaniental measurement, is 54° 32'. Hence it may be assumed
that the axial ratio as established is reasonably exact. The calculated
value of 7 a7, 101141101, is 89° 42'.

In polanyed light the crystals exhibit normal optical properties and .
negative birefringence. Being on the average thinner than crystals of
natrojarosite, it is seldom that, with the highest powers and conver-
gent light, even the beginning of the first ring of the uniaxial inter-
ference figure is visible. Individual crystals show under the micro-

scope in transmitted light a golden-yellow color. A mass of crystals
has the appearance of a glistening dark-brown powder, the color being
decidedly darker than that of natrojarosite.
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The analysis of the mineral was made on the very best material,
having a specific gravity of 3.665 at 30° C. The results ave surprising,
and were wholly unlooked for, since it is found that this jarosite con-
tains lead in the place of alkalies. The results by Hillebrand are as -
follows: : '

1. ) 1I. 111 1Vv. M'ctm. Ratio.

Fe,0p oo ... 42.36 | 42.38 | ... 42.37 | 0. 265} 515
ALOZe . .12 08| 011 [.......f~  .10] .001
PhO ..... ST 19.69 | 19.99 | 19.89 | 19.79 19. 84 .089 1.05
) 9o N AT e AT e
Na,0...... e T SO E 0 U ;
O 27.05 | 27.07 loooooooi ... 27.06 | .338 4.00
H,0 below 105°. ... 02, I U D02
H,0 above 105°. ... .. 9.59 1 9.49|........ reeeees . 9.54 .530 6.27
S0, e .56 .51 A7 | B e
Cul wevneneen .. 27| e 7 IO L
CaO .......... S Y O R R ) 05 |l S
MgO......... s N I B .01

................................ 100.15 ..o ...

aThe presence of alumina was not definitely proved. The figures here given are the differences
between. the several weights of the ammonia precipitates and those of the ferri¢ iron in them, as
determined by permanganate after reduction by hydrogcn sulphide.

b Probably somewhat high.

The ratio of Fe,O, : PhO: SO, : H,O is very close to 3:1:4:6,
indicating that the mineral is a variety of jarosite, and._the slight .
excess of Fe,0,, H,0, and PbO + alkalies may be accounted for by
assuming that slight impurities are present, partly ferric hydroxide,
in part some lead salt, and perhaps a soluble silicate, as shown by the
complete solubility of the silica in acids. Assuming that the ratio is
exactly 8:1:4:6,it is found. that 4.36 per cent of impurities are
present, and the remaining 95.64 per cent may then be regarded as
plumbojarosite, as follows:

. Theory for PbFeg
’ [OH]12[S04]4.
TR O 40.59 or 42.44
PbO e 18.86 or 19.72
S0, - - e e 27.06 or 28.29.

& 100 T 913 0r 9.55
: ' 95. 64 or 100. 00

Since it took probably 2,500,000 crystals of natrojar osite to make 1
gram of material, it cer t‘unly must have taken fully 4,000,000 to make-
a gram of plumho]mo':ltc for the crystals of the latter mineral,
though somewhat heavier, are decidedly thinner than those of the
former; hence the presence of 4.5 per cent of impurities in such a -
crystalline product is not to be wondered at,
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JAROSITE AND ALUNITE.

As may be seen from the published analyses of these minerals, the
alkali metal they contain is almost always potassium, though sodium is
at times present. The formulas assigned to the two minerals are there-
fore K,04-8Fe,0,44S0,+6H,0 and K,0 4 3Al,0,+ 450, + 6H,0,
which may be variously expressed, as will be indicated later.

A mineral corresponding to natrojarosite of this article, though con-
taining a little potash, has been described by W. P. Headden® from the
Bu*(ton mine, Lawrence County, S. Dak. The crystals are described
as scales, consisting of a combination of base and rhombohedron.
The material analyzed was evidently somewhat impure, as quartz -
and some As,Q, are reported. As the As,O; evidently does not
belong to jarosite, the assumption may be made that some scorodite,
FeAsO,.2H,0, is present, and the results of Headden’s analysis may
- then be interpreted as follows:

: aoﬁlifi'},r;]%l a?ﬁ{)g‘f;gfz' Natrojarosite. Ratio.

Fe,0y e . 46.27 1.60 | 44.67 or 50.10 3.13
NayO oeee et e eaae 4.35 [.oooeee.l| 43501 4.86
Ky oot 147 |, 1.47or 1.65 1.04
CaO ool I s B30 L P .39 or .44
S04 e 28.46 |.......... 28.46 or 31.93 4.00
HO ...... U SRR 10.55 | .72 | 9.830r 11.02 6.13
A8Op oo 2.36 p2%: T3 NN O
Quartz ... ... iiiioeiao-. 6.10 6.10 |...... N B, .

99.95 10.78 | 89.17 or 100.00 |........

Thus, assuming the presence of 4.68 per cent of scorodite and 6.10
of quartz, and deducting them, the remainder agrees very closely with
natrojarosite, giving a good ratio, very near 3:1:4:6.

Alunite containing con31demble soda has been described by Whit-
man Cross? from Rosita Hills, Colorado, and by E. B. Hurlburt¢ from
Red Mountain, Colorado, and analyses of both minerals show about-
equal percentages of K,0 and Na,O, or a molecular ratio of
K,0:Na,0=4:7. The occurrence, therefore, of sodium in the jarosite-
alunite group-is in accordance with previous observations, but the
‘case is quite different with lead. As far as the present writers are
aware, this is the first instance on record where lead has been observed
isomorphous with the alkali metals. It is interesting to note that the
alunite from Red Mountain, Colorado, occurs as a crystalline powder,
the crystals being exactly like those of natrojarosite and plumbojaro-

aAm, Jour, Sci., 3d ser., 46,>1893, p. 4. bIbid., 41, 1891, p. 472. cIbid., 48, 1894, p. 130.
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site, except that they are a trifle smaller and white, or colorless, when |
seen under the microscope.

From a chemical standpoint the most interesting feature of the new
minerals is the light they throw upon the isomorphism of potassium,
sodium, and lead. Ordinarily, even potassium and sodium are not
isomorphous, as shown by the fact that their simple salts seldom
crystallize in the same form. Although KCl and NaCl both crystal-
lize in cubes, it is not certain that both salts belong to the same group
of the isometric system. It has been shown, for example, by etching;
that KCl crystallizes like NH,Cl in the plagihedral group of the iso-
metric system, while the etchings produced on halite seem to indicate

_that it crystallizes in the normal group. Again, at Stassfurt, Ger-
many, sylvite and halite both occur crystallized side by side upon the
same hand specimen, instead of mixing as isomorphous molecules.
Even in such complex molecular compounds as the feldspars, the
potassium and sodium salts crystallize as orthoclase and albite, rather
than as isomorphous mixtures. Lastly, potassium has a gtrong tend-
ency to form alums, which is not shared by sodium. In contrast to
these differences in chemical nature, we have in the jarosite-alunite
group of minerals not only the alkali-metals, potassium and sodium,
but, what seems still more remarkable, lead, playing the:same rdle in
the compounds, and yielding crystals which are.surprisingly alike in
all their physical properties. The writers can at present offer no
other reason for the isomorphism in the group of minerals under con-
sideration than that the alkalies and lead play so small a réle, and the
remaining constituents so prominent a part in the complex chemical
molecules, that the latter control or dominate the crystallization by
virtue of what may be called their mass ¢ffect.

The alunite from Red Mountain, described by Hurlburt, was ana-
lyzed in the Sheffield mineralogical laboratory under the direction of
one of the present writers, and it was found that water was first
expelled from the compound at a rather high temperature, thus indi-
cating that the mineral contains hydroxyl and no water of crystalliza-
tion; accordingly it was shown that the seemingly complex formula
of the mineral, expressed by the ration Al,0,:K,0:S0,:H,0=3:1:
4:6, may be much simplified to K[AI(OH),},[SO,],. In the light of
the present investigation it now seems best to abandon the above
simple formula and adopt one containing double the number of atoms,
in order to make clear the isomorphism between K,, Na,, and Pb.
The formulas of the minerals of the group would then be expressed
as follows:

ATNIEE « e ee oot K,[Al(OH),],[S0,], or K,Al,[OH],,[SO,],

Natroalunite. ... .. .. .. ... ... Na,[Al(OH),],[80,], or Na,Al,[OH],,[SO,],
Jarosite « oo iiiiiii il K,[Fe(OH),],[S0O,], or K,Fe,[OH],,(SO,],
Natrojarosite cocoeeeeeneenencnieannn Na,[Fe(OH),],[80,], or Na,Fe,[OH],,[SO,],

PlambOjATOSite « oo eneneneenens ...Pb[Fe(OH),],[80,]T, or PhFe,[OH],,[SO,],
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In the case of the lead compound oneatom of lead, and in the others
two atoms of either potassium or sodium, are combined in complex
molecules containing fifty other atoms; hence that the complex of
fifty atoms, to the right of the K,, Na, and Pb in the foregoing formu-
las, should control or dominate crystallization by virtue of mass effect,
and condition an isomorphism between such unlike elements as sodium,
potassium, and lead is not so surprising as would at first appear.

Having adopted the double formulas, as given above, there are
numerous ways of writing developed formulas, of which the following
are perhaps the simplest and most satisfactory:

0=8=0
}{8>Fe— o/ No O—Fe <8{{
HO 1 o s/o b0 8 Z0—fe<OH
10> Fe—0—8 -0 —Pb—0— 8 —O—Fe<lqyy
HO_ 1 o” o 0" No_r <()u
Ho~>te o\ / e OH
| - o=sZo0
HO>F —0—S—0—Fe<O11
/’H\\O
HO . _OH
. >I<e—-0 / O—Fe<Ar
HO > {o K K- o}s\/\ OH
7
07" % 0 o 0

HO_ . o U/ OH

It is interesting to note that although K,, Na, and Pb play so small
a rdle in the alunite-jarosite molecules, the substitution of Na, for K,
is attended by a marked variation in the angles of the crystals,
greater, in fact, than is generally observed in isomorphous replace- "
ments. That alunite and jarosite containing potash would be nearly
alike in their angles is expected, since crystals of corundum and
hematite are surprisingly alike, as shown by the following comparison:

loogth, | TAT | car
o 7/ Q /
Corundum, AlLOg - ..o e, 1. 3630 93 56 57 34
Hematite, Fe,Og- - o« o coemam i - 1. 3656 94 00 57 37




40 . CONTRIBUTIONS TO MINERALOGY. - [BULL. 262.

" The relations of the minerals of the alumte jar osite group are as
follows:

1&?23111 [N [N Birefringence.
o ’ o ’

“Alunite . ... 1.2627 90 50 | 55 193 [ Positive.
Jarogite ... ... ..ol 1.245 | 90 45| 55 16 | Negative.
Natrojarosite ... ............... 1.104 8 54| 51 53 Do.
Plumbojarosite .. .....__.. R 1.216 89 42| 54 32 Do.

From the foregoing table it is seen that the substitution of sodium
for potassium in jarosite has brought about greater variation: in the
angles of the crystalsthan the substitution of the bivalent metal lead
for pot‘Lssmm
- The three minerals, natlo]fuoqlte, plumbopuosme, and the Na-K-
alunite from Red Mountain, are very interesting when studied together
as microscopic mounts, the crystals being practically alike in size and
development, and illustrating very beautifully on the one hand the
isomorphism of aluminum and iron, on the other the isomorphism of
potassium, sodium, and lead. The three substances must have formed
under like conditions, and it is helieved that they are solfataric prod-
ucts, formed under the combined action of heat and pressure. Being
difficultly soluble; they have formed, hkc many precipitates, as fine
crystalline powders.

The three products just mentioned, when heated in closed tubes,
behave alike; they suffer no change on_gentlc heating, but when the
temperature is sufficiently high to decompose the chemical molecules,
" the crystals break up into fine powder or dust, which is carried along
by the escaping vapors and deposited for a considerable distance along
~ the sides of the tubes. In addition to water, SO, and SO, are copi-
ously given off during decomposition. In the case of natrojarosite,
and the same would .doubtless hold true for the Na-K-alunite, it is
found that after ignition one-fourth of the sulphate radicle has been
retained by the alkali metal, and may be extracted by water. In the
case of plumbojarosite, however, all of the sulphate radicle is expelled
by ignition, doubtless because the ferric-oxide present serves to decom-
pose any lead sulphate which might have a tendency to form. Angle-
site, PbSO,, when heated alone in a closed tube suffers no decomposi-
tion, but when finely triturated with limonite and heated, acid water
is given off. "Finely powdered natrojarosite and plumbojarosite are
slowly but completely soluble in boiling hydrochloric acid. Plumbo-
jarosite when fused with-sodium carbonate on charcoal yields globules
of lead and a coating of lead oxide. '
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It has seemed to the writers best to designate the new compounds
described in this article as natrojarosite and plumbojarosite, the names
signifying their relation to a’ well-known species. Other members of
this group will doubtless be found, and the name *‘ natroalunite” might
be employed to designate the two varieties of alunite from Colorado
mentioned on page 37, where the proportion of the soda to the potash
moleculeis 7 : 4. It is highly probable that a series of alunite-jarosite
compounds, could be made artificially.

It is with pleasure that the writers acknowledge their indebtedness
to Messrs. Turner and Porter for calling attention to the interesting
compounds described in this article.



MINERALS FROM THE CLIFTON-MORENCI DISTRICT, ARIZONA.
By W. LixpereNy and W. F. HiLLEBRAND.

In 1902 an examination was made of the Clifton-Morenci copper
district in Arizona. Study of the collections proved the presence of
several interesting minerals, a brief account of which is here given.
The copper deposits at Clifton and Morenci consist partly of irregular
or tabular bodies of oxidized ores in Paleozoic limestones, partly of
chalcocite ores connected with fissure veins in a granite-porpbyry or
in the same limestones.

CORONADITE.

On the dump of a small shaft on the west end of the Coronado vein,
~ three-fourths of a mile west of Horseshoe shaft, fairly large amounts
of a dark metallic mineral were found intimately intergrown with
quartz and decomposing into limonite. The vein at this end shows no
copper minerals, but is said to contain some gold, and its surface ores
are reported to have been worked in an arrastre in the early days of
the camp. In color this mineral is black and its structure is delicately
fibrous. * The hardness is about 4 and the streak black with brownish
tinge. ' )

A thin section proves it to be opaque, and in reflected light its fibrous
and homogeneous structure is well brought out. It cements angular
quartz grains and its secondary nature is clearly indicated. In gen-
eral aspect it is not unlike psilomelane. A preliminary examination
showed that it contained the oxides of lead and manganese. As it did
not seem to correspond to any known mineral species, an analysis
was made, after a partial mechanical separation. The results were as
follows: : ’

Long-continued efforts to procure pure material for analysis by the
use of heavy solutions were not attended with success. The ultimate
product of specific gravity, 5.246 at 22°, yielded on decomposition by
hydrochloric acid & residue of from 6 to 7 per cent, which consisted
mainly of silica, with a small amount of alumina, ete. Its presence
would not have mattered much had it been quite indifferent to acids,
but its partial solubility, as shown by the varying amounts undissolved
on different trials, and similar varying amounts of alumina and perhaps

42
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other minor ingrédients found in solution, renders the calculation of
molecular ratlos not altogether certain in all cases. The composition
as found is:

MO, - et i ettt ateeaaaeaaea e «56.13
MnO oo et 6. 56
2 L0 26. 48
711 10
0T 05
) 0 34
8 P b 63
Fe,0 € - et e e e 1.01
3 1o TR 41,03
Insol. and siliea .. ... L L iiiiiiii 7.22
Ca0, MgO, Alk., and loss. ...... .. .. ... ..l .45

] 1 100. 00

The material available did not permit the quantltatlve determina-
. tion of the’ vanadium, which may be present in rather more than a
mere trace, but neither it nor the phosphorus can influence mate-
rially the ratios given below. The vanadium would be effective in
two ways: (1) by requiring a base for its neutralization, if existing as
an acid constituent, and (2) by liberating chlorine when acted on by
hydrochloric acid, and thus affecting the values found for peroxide
oxygen. If the iron exists in the ferrous state, it too would affect
the values found for the peroxide oxygen, and consequently for both
the oxides of manganese. Assuming it to so exist and applying the
proper corrections, also deducting from the léad oxide an cqulvalent
for the molybdenum, assuming its existence as molybdate of lead, the
following are the results: :

MnOye o 56.68 87.0=0.6515 =3.00

CMNO e, . 6.11=- 71.0=".0861
PO . 26.96--222. 9= . 1165
1Y O .91+ 72.0= .0126} 0. 217=1,00
Zn0 .o .10=- 81.0= .0012
(0100 J N .05+ 79.0= .0006
& 00 S 1.03=+ 18.0= .0572 = .264

aMean of 56.10 and 56 16. Total Mn as MnO from MnSO,, 52.38 per cent. Peroxide oxygen, 10.31
per cent.

b With a little TiO,, P205, and V,0;.

cState of oxidation not known.

dNothing at 100°, only 0.14 per cent below 200°.
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If the mineral is to be regarded as anhydrous, the comparatively
simple formula R” (Mn,0,)” satisties the above mtlo md it may he
written structurally-

O=Mn""—0

U
OZDI/[n’”’—O

in which R”=Pb” or Mn".- This is to be regarded as a saturated salt
of one of the numerous possible derivatives of ortho-manganous acid
that may be derived from it by removal of water, in the plesent case

as follows:
3H V[nO —5H,0=H,Mn,0, '

An acid of the same empirical formula would result by removal of
two molecules of water from three of metamanganous acid, H,MnO,.

It is probably best to rest for the present content with the ahove
relatively simple formula and to regard the water found as due to
incipient alteration. But if the water is to be considered as wholly or
in part essential, and furthermore constitutional—and this may very
well be the proper view to take—then the formula becomes much
more complex, namely, R,”H (Mn12029) when none of the water is
allotted to the foreign matter. -This formula is still referable graph-
ically to a more highly condensed manganous acid, and a number of
isomers would be possible.

Such intricate formulas as this should not cause the least surprise,
however unlikely they may at first appear to be. The great number
of manganites in varying degrees of saturation and hydration observed
in nature and prepared artificially, some of them of even greater com-
plexity than the above, are certainly not all mixtures of only a few
simply constituted molecules. - A very short study of the graphic
formula corresponding to the above empirical formula R”,H,(Mn,,0,,)
will show what a vast number of closely related bodies are theoretic-

“ally producible by hydrating the molecule step by step or by adding to
or reducing the number of bivalent atoms or substituting for them
those of another valence. Similar varieties in great number would be
derivable from other condensed manganous acids of both higher and
lower orders, and it is plain that because of the very slight differences
in percentage composition between many of them it is almost as hope-

~less to expect analysis to reveal the exact empirical formula in the
majority of cases as it is for the enormously complex albuminous
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bodies of organic chemistry. This is especially true because in so
many cases the mineral manganites described are far from being
homogeneous species: They are either mixtures of ‘two or more of
these closely related coniplex molecules or else are contaminated by
foreign bodies. It is not surprising, then, that so many compounds of
uncertain formula that may be regarded as salts of manganous acid
have been prepared in the laboratory or are found in nature. From
the known tendency of these bodies to form under laboratory condi-
tions which may very well be repeated in their gemeral character in
nature, it is to be expected that a vast number of mineral manganites
should exist, and it ought rather to excite surprise than otherwise if
two or more are not formed simultaneously from the same solution.
This, together with inherent difficulties of analysis, would offer a
simple explanation of the fact that so few of the analyses made lead to
rational formulas. If formed from solution, their original state might
well be one of hydration either as regards water of - crystallization or
- of constitution. The temperature at which the water 1s expelled in
the present case indicates constitutional water.

. Our search of the literature has not revealéd a native manganite
carrying a high percentage of lead, although artificial compounds have
-been prepared. For this reason, and because of its distinctly crystal-
line character, the present mineral seems worthy of a specific name.
The one we propose is coronadite, after the famous explorer of that
portion of the American continent from which the Territories of New
Mexico and Arizona have been formed. ’

CHALCOCITE.

The cuprous sulphide (Cu,S) is very common in the Clifton district;
in fact, it constitutes at present the pr incipal valuable mineral in the
ores. It occurs chiefly 1nte1g10Wn with pyrite, in the altered por-
phyry, as disseminated grains or as solid seams or veins which rarely
exceed 2 or 3 feet in thickness. It is never crystallized but has ordi-

-narily an earthy or sooty appearance and black color; scratching with

a knife reveals its semisectile character and metallic luster. In a few
small massive veinlets the normal metallic luster and dark-gray color
appear on fractures; a fibrous or columnar structure of the mineral is
known on small seams in shale from™the Montezuma mine. The
mineral prefers porphyry, and the great bodies of ore now worked
all occur in this rock; but it is not entirely unknown from the irregu-
lar deposits in limestone generally carrying cuprite and copper carbon-
ates. A partial analysis of massive chalcoeite from the Montezuma
mine, Morenci, gave 96 per cent Cu,S and 2.4 per cent FeS,, the latter
pro]mbly mechqnmlly admixed.

The chalcocite is cvcrywhcle, in this district, a beOﬂddly mineral
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formed by the replacement of pyrite by means of descending solutions
of cupric sulphate. The deposition of the mineral was accompanied
by the formation of quartz, chalcedony, and kaolin. In the porphyry

“ the chalcocite ore along the veins begins 100 to 200 feet below the
surface and continues to a depth of 400 feet, or even more, when it is
usually replaced by pyrite, chalcopyrite, and zinc blende.

WILLEMITE.

This rare silicate of zinc (Zn,Si0,) was found by Mr. Boutwell in the
form of very small grayish crystals on a fragment of garnet rock in
the Modoc open cut, on the north side of Modoc Mountain. These
crystals were identified by Messrs. Pirsson and Penfield, of Yale Uni-
versity, who state that the stout hexagonal prisms look exactly like
those from the original locality at Moresnet. .

CALAMINE.

Small transparent orthorhombic crystals of calamine (ZnOH), SiO,
were identified on a specimen of decomposed garnet 10ck from the
Shannon mine, just above the lime qudrry.

DIOPTASE.

The silicate of copper, dioptase (H,CuSiO,) has been found at only
a few localities. Very beautiful specimens, which, however, are hy
no means common, have long been known from the
classic locality, the Kirghese Steppes, Russia, and
more recently from the French Kongo State, Africa.
Dioptase is seldom found in the United States, the
only recorded occurrences heing at the Bon Ton
mines, Chase Creek, near Clifton, Aiiz., noted by
R. C. Hills,® and from near Riverside, Pinal County,
Ariz., noted by W. B. Smith.? Well crystallized
Fi6. 3—Dioptase. specimens of this mineral were found on an old
‘ dump of the Stevens group of mines, on the west
side of Chase Creek, near Garfield Gulch. They occurred in a small
chimney of chrysocolla ore in limestone, now worked out, and the
locality is believed to be the same as that described by Mr. Hills.
The dioptase crystals were submitted to Prof. S. L. Penfield, who
remarks on them as follows:

The crystals, measuring from 1 to 2 mm. in diameter, occur closely grouped
together, lining cavities in a brown ferruginous gangue impregnated with amorphous
green material which is probably chrysocolla. The color of the dioptase is a beauti-
ful emerald-green. The habit of the crystals, shown by the accompanying figure, is
that which is most commonly observed and is eéspecially characteristic for dioptase;
prism of the second order « (1120), terminated chiefly by the rhombohedron of the
first order s (0221) and wich small faces of the rhombohedron 6f the third order

a Am. Jour: Sci., ser. 3, vol. 23, 1882, p. 325. ’ b Proc. Colorado Sci. Soc., vol. 2, 1887, p. 159.
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(1341). As is common on this species, the prismatic faces are vicinal and the s and »
faces are striated parallel to their mutual intersection edges; hence the crystals are
not suited for giving accurate measurements of the angles with the reflection goni-
ometer. One crystal was measured, and the angles of oné of the rhombohedral
zones, given helow, are sufficiently close to the calculated values to estabhuh the
identity of the forms.

Measured. Calculated.
ax, 1120 1341 = 28° 55 28° 48/
ss/, 0221 2021 = 83° 48/ 84° 33/
¢ a7, 2021 T120 = 48° 18/ 47° 48/

By crushing some of the material, embedded in oil under a cover glass, and exam-
ination in convergent polarized light, occasional fragments were found which gave
a normal uniaxial interference figure, with numerous rings indicating high birefrin-
gence. The character of the birefringence was found to be positive. Thus in all of
its crystallographic and optical relations the material studied is like typical dioptase
from other localities.

D CHRYSOCOLLA.

This mineral (CuSiO,+2H,0) occurs very commonly in the oxidized
part of the deposits, but does not, except in some cases, constitute an
important ore. Oh the whole, it is more abundant in the deposits in
porphyry and granite than in those contained in limestone. The usual
bluish green or dirty green colors and conchoidal fracture characterize
it. It occurs in seams or coatings at many of the mines—abundantly in
the Mammoth mine on contact fissure between porphyry and limestone;
at several prospects on the Stevens group in Chase Creek near Gar-
field Gulch; in the Terazas fissure vein in porphyry, near Metcalf; at
the Metcalf mines and many of the prospects between that place and
Morenci; at the Modoc open cut, Morenci. Technical analyses of
chrysocolla ore from Terazas mine by the Arizona Copper Company
gave—

7L 31.65
[ (0 2RI 34.90
HyO oo e e e e e e 26.30
ALy o e 3.80
Undetermined ... ... 3.35

100.00

Normal chrysocolla should have 34.2 per cent SiO,, 45.2 per cent
CuO, and 20.5 per.cent H,O, but the analyses show great divergency,
many probably being mixtures. Moreover, what has been called
chrysocolla probably includes two mineral species.

The optical characteristics of chrysocolla seem 1mperfcctly known.
Dana states that it is cryptocrystalline, while many other text-books,
notably one issued in 1902 by Professor Miers, call it *‘amorphous.”

Inmost cases the mineral indeed seems cryptocrystalline with bluish-
gray colors of intetference, but this is by no means universal.

Chrysocolla froni the Modoc open cut appears as mammillary crusts
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of bluish-green color on ‘‘copper-pitch ore.” The latter is isotropic
and undoubtedly a distinct mineral from the chrysocolla, of- brown
color in varying tints, some of it opaque and showing evidence of
concentric deposition. On top of the chrysocolla are thin crusts of
quartz and some calcite. The chrysocolla has three different struc-
tural forms, as seen under the miscroscope: (1) The dominant mass is
a cryptocrystalline to microcrystalline aggregate of particles with
high birefracting index; (2) very fibrous and felted aggregates of
same substance giving undulatory effects between crossed nicols and
medium high colors; (3) fibrous crusts on top of 1, or also in thin lay-
ers between masses of 1, the individuals having such a remarkably
parallel orientation that the aggregate of them appears almost like
single crystals between crossed nicols, with black shadows sweeping
across them when the table is turned. The extinction is parallel to
the fibers, double refraction strong, about like augite, character nega-
tive. The same.optical characteristics were repeatedly observed in
thin sections of chrysocolla from Metcalf and other places. Reniform
deposits were sometimes noted, the center of cryptocrystalline material
coated with coarsely fibrous and highly birefringent material.

Sections from the Coronado and Metcalf mines often showed pseudo-
morphs of pyrite consisting of a shell of hmomte with kernel of fibrous -
chrysocolla.

The observations of Jannettaz¢ on chlirysocolla from Boleo, Baja
California, Mexico, led to the same results as described above, but
seem generally to have been overlooked by editors of text-books.

COPPER-PITCH ORE.

Under this old German name is described a dark brown to black
substance, sometimes dull but generally with glassy to resinous luster;
hardness about 4; streak dark brown. It occurs among the products
of oxidation of the deposits in limestone, as at the Detroit and Long-
fellow mines and Modoc open cut at Morenci, and is associated with
azurite, malachite, and chrysocolla, often inclosing these minerals or
replacing in branching veinlets, together with azurite, a shale-like
mass, probably largely composed of kaolin. In thin section it is some-
times opaque, but often also translucent, gradual transitions obtaining
in the same section, and occurs in irregular or concretionary masses,
often containing small embedded crystals of a doubtful mineral, pos-
sibly a silicate of zinc. Between crossed nicols the translucent mmeml
always proves entirely isotropic and, except for varying depth of color
and the small crystals mentioned, entir ely homogenecous.

« Bull. Soc. Min., Paris, vol, 9, 1886, p. 211.
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A rough preliminary analysis of selected pitch black material from
the Detroit mine gave

G0, e 28.6
InO il e aaan 8.4
M0, . 21.2
Fe, 0,4+ ALO+ P05 .o io 4.0
Insoluble in HOL.............. i 22.8
Ignition loss 16.3, less oxygen due to conversion of MnO, to Mny0,. 13.7 *
98.7

Similar material surmounted by crusts of chrysocolla from the
Modoc open cut contained much MnO,, with a good deal of CuO and
Zn0, and is thus evidently the same substance. Manganese is largely
but not certainly wholly present as MnO,. . The insoluble portion
consists of silica, is wholly separated by acid without need of evapo-
ration, and is nearly all soluble in dilute potassium hydroxide. It is
not possible to say whether silica is in combination or as opal, but it
can not be present in any other form.

Most of these copper-pitch ores, known from many districts, have
been described as impure chrysocolla. As shown by the optical char-
acteristics, they are not, however, a mixture, and they certainly do-
not contain any chrysocolla, the characteristics of which are very
different. They probably represent a series of closely related com-
pounds, the chemistry of which has not yet been fully elucidated.
Prof. G. A. Koenig® describes a similar mineral with the same iso-
tropic character from Bisbee, and names it melanochalcite. Its com-
position is different, since it contains

CUO . L e 76. 88
15 7.80
1 T 7.17
1 0 J R 7.71
/7L 41
3 07

100. 04

Professor Koenig considers it most probably a basic salt of an ortho-
silico-carbonic acid. No carbon dioxide was found in the Morenci
minerals. In conclusion it would seem that the chemistry of these
‘copper-pitch ores would bear further examination.

MORENCITE.

In a lime shale on the intermediate level of the Arizona Central
mine, Morenci, 200 feet below the surface, brownish or greenish
spr eadmrrnmsos were found, containing brownish yellow, silky fibrous
seams. Thc inclosing mmtmml consists largely of the same material

~ ~

@ Am, Jour, Sci., ser. 4, vol. 14, Dec., 1902, p. 404,
Bull. 262—05—4 '
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as the' seams, but impure and mixed with a little chlorite and pyrite.-
The whole bears evidence of being a product of 0\1d¢1t10n of some
contact metamorphic mineral.

“The fibrous mineral on the seams forms a felted aggregate as seen
under the microscope, but it is well individualized and contains few
impurities except a little pyrite and chlorite. The minute fibers are
brownish yellow and slightly pleochroic, being darker when parallel
to the principal section (opposite the behavior of biotite); the bire-
fringence is strong and extinction strictly parallel to the fibers. No
mineral corresponding to this has been described, but, although its
individual character is heyond doubt, the analysis does not lead to a

satisfactory formula. The material for the analy’sis was picked out
carefully under the lens and examined under the microscope lt proved -
satisfactorily pure.

The analysis afforded the results of ‘the first column of figures helow.
In deducing the molecular ratios of the second column there has been
deducted sufficient lime to form apatite with the phosphoric oxide.

Molecular ratios.

1S (R 45.74 757 = 10.7lor1l
TiOg i i aaaaaen trace )
ALOy e - e e L98 019 ,
F&,04 - oneeee e 29. 68 186}200 = 2%0or 3
FeO. ..o .83 011
MnO .o i trace
Ca0 . o e 1.61 027
MEO oo s.99 100( 1L = 2 00or 2
KO .20 002
N e et .10 ool
H,0105° ..o 8.84 491 = 6.960r 7
HO150° . e e .12
H,0 below redness........_.... e 497 282 = 3.99or 4
H,0redness ....ooooeeee e, .69
CaO. o e little
FeS, . .66
POy e e 18

98.89

It would seem from the temperatures at which the water is driven
oft that this must exist in two conditions, and that four-elevenths of
it must be held more securely than the remaining seven-elevenths.
The attempt to account for four molecules of water as constitutional,
however, led to no simple or seemingly probable formula, whereas if
all water is excluded the ratio is that of a metasilicate—R",R"’;
(Si0O,)”";;.  On the other hand, to include the whole of the water as
essential tp the silicate molecule, for which there is little ground in
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view of the ease with which most of it is expelled, leads to an ortho-
silicate ratio—R/,,R",R""; (Si0,)"",,.

On the whole, considering also the bad summation of the analysis,
it is more rational to regard the mineral as a hydration product of an
original metasilicate molecule than to attempt to construct a complex
formula which could have but a very doubtful value. As the mineral
is not a mixture, but ‘is optically well individualized, we have, after
some hesitation, thought best to designate it by the name morencite,
derived from the locality in which it was found.

LIBETHENITE.

This hydrous, basic phosphate of copper (H,Cu,P,0,,) was found 30
feet below the adit level of the Coronado lode, in the main shoot. It
isa matter of interest to record its occurrénce, for this rare mineral
has never before been noted in the United States. 1t occurs in small
crystals, less than 1 mm. in length, deposited in cavities and seams.in
a quartzite gangue. The mineral was identified by
Prof. S. L. Penfield, who also kindly measured and
figured the crystals. Professor Penfield describes
the occurrence as follows: ‘

The only associated minerals are occasional clusters of mi-
nute quartz crystals and small tufts of radiated malachite
needles. The color of the libethenite varies from light to
dark olive-green, depending upon the size of the crystals.
The habit of the crystals, as shown by the accompanying.
illustration, is a combination of the prism m (110) and brachy-
dome ¢ (011), which is exactly like that commonly observed FI6. 4.—Libethenite.
on libethenite from foreign localities. Onan occasional crystal '
the brachypinacoid b (010) was also observed. Although the crystals are brilliant,
the faces are generally vicinal and give uncertain or multi